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Right ventricular function plays an important role in
many cardiac disorders. Changes in left ventricular
function, right ventricular afterload and preload, car-
diac medications and ischemia may affect right ventric-
ular function. Radionuclide ventriculography permits
quantitative assessment of regional and global function
of the right ventricle. This assessment can be made at
rest, during exercise or after pharmacologic interven-
Interest in the importance of right ventricular function in
various disease states has been renewed. Recent evidence
(1) indicates that even minor injury to the right ventricle
can cause hemodynamic abnormalities. Survival after ex-
tensive damage to the right ventricle is probably due to
residual function of the interventricular septum (2). In ad-
dition, the right and left ventricles are interdependent, both
anatomically and functionally (3), so that changes in pres-
sure or volume in one chamber are likely to affect the pres-
sure and size of the other (4). This effect appears to be
mediated through the interventricular septum as well as the
pericardium (5).
Methods of Evaluating Right
Ventricular Function
Contrast ventriculography. The standard for evaluat-
ing right ventricular volume, ejection fraction and wall mo-
tion has traditionally been contrast ventriculography. Vol-
ume measurements obtained by several investigators (6-8)
have correlated well with volumes obtained from postmor-
tem casts. The right ventricle, however, unlike the left ven-
tricle, does not readily lend itself to a geometric model on
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tions. The overlap between right ventricle and right atrium
is a major limitation for gated scintigraphic techniques.
The use of imaging with newer short-lived radionuclides
may permit more accurate and reproducible assessment
of right ventricular function by means of the first pass
method. Further work in areas related to improvement
of techniques and the impact of right ventricular func-
tion on prognosis is needed.
which appropriate equations can be based for calculating
ejection fraction and volume. Thus, values obtained from
contrast studies vary, depending on the assumed geometric
model. The invasive nature of contrast angiography renders
the performance of serial studies difficult. In addition, the
contrast medium used may have a direct depressant effect
on ventricular function (9).
Two-dimensional echocardiography. Several nonin-
vasive techniques have been used to evalute right ventricular
function. The electrocardiogram, vectorcardiogram and chest
X-ray film do not provide quantitative assessment of right
ventricular function, but may be useful in documenting the
presence of pressure or volume overload. M-mode echo-
cardiography can detect right ventricular volume and pres-
sure overload (10).
Two-dimensional echocardiographic techniques permit
examination of the right ventricle in several planes, and thus
are particularly useful in detecting wall motion abnormal-
ities (II). Right ventricular function has also been inferred
from examination of the inferior vena cava by two-dimen-
sional echocardiography (12). Several groups of investi-
gators (13-17) have found good correlations between right
ventricular volume and ejection fraction by two-dimensional
echocardiography and values obtained with contrast angi-
ography or radionuclide angiography.
Several limitations of echocardiographically derived
measurements are apparent. Measurements are subject to
technical factors such as endocardial image dropout and
parallax distortion. The entire right ventricle cannot be im-
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Figure 1. Rest thallium-20t images in a patient with coronary
heart disease and left ventricular dysfunction. There is increased
right ventricular uptake (arrows). There are also perfusion defects
involving the inferior wall and the septum (arrowheads). Ant =
anterior; 30 and 65 LAO = 30 and 65 0 , respectively, left anterior
oblique view.
aged because of its shape; thus, true biplane images are
difficult to obtain. Echocardiography cannot readily assess
right ventricular function during exercise.
Radionuclide techniques. Thallium scintigra-
phy. Several radionuclide techniques have been used to as-
sess right ventricular function. Thallium-20 I concentrates
in the myocardium in accordance with blood flow. Because
of the lower coronary blood flow and the high background
activity, the right ventricular thallium uptake is generally
not apparent in rest images (18). However, in the presence
of right ventricular pressure or volume overload, right ven-
tricular uptake is increased (19,20), probably as a result of
increased blood flow (Fig. I). The presence of right ven-
tricular thallium uptake at rest has been reported in patients
with right ventricular pressure or volume overload condi-
tions (19-21). The right ventricle is generally visualized in
thallium images obtained during exercise. The presence of
a segmental decrease in right ventricular thallium uptake
during exercise and the presence of redistribution have been
reported in patients with proximal right coronary artery dis-
ease. The presence of both a left ventricular inferior wall
perfusion defect and right ventricular uptake abnormality is
highly suggestive of proximal right coronary artery disease.
The absence of both abnormalities suggests the absence of
such disease in most patients (22,23).
Technetium-99m pyrophosphate scintigraphy. This
method has revealed right ventricular uptake in patients with
right ventricular infarction, generally in association with
acute inferior left ventricular infarction (24,25). Right ven-
tricular uptake (in association with left ventricular uptake)
has rarely been reported in amyloid heart disease (26,27).
Radionuclide angiography. This technique has been used
for the past decade to study left and right ventricular per-
formance. The radionuclide-derived ejection fraction is in-
dependent of geometric assumption and depends on count
changes. Radionuclide angiography is a fairly noninvasive
technique and lends itself well to serial studies and evalu-
ations of right ventricular performance during exercise, as
well as other interventions. The use of short-lived radio-
nuclides lessens radiation exposure, especially if several
measurements are required (28). Thus, radionuclide angi-
ography has become an important tool in evaluating right
ventricular function. In this review, we examine current
radionuclide angiographic techniques to evaluate right ven-
tricular performance and discuss the clinical implications in
cardiac diseases.
Current Radionuclide Angiographic
Techniques to Assess Right
Ventricular Performance
First pass method. The two radionuclide angiographic
methods used to assess right ventricular function are the
first pass and the gated blood pool imaging techniques. Both
the single crystal and the multicrystal gamma cameras have
been used with the first pass method; the latter camera, with
its higher counting efficiency, offers advantages (29). The
first pass method provides temporal separation of the right
from the left ventricle, but does not completely eliminate
the problem of right ventricular overlap with the right atrium.
The first pass method may be the method of choice, but for
optimal results a multicrystal camera is needed which is not
available in most nuclear medicine laboratories. Further-
more, the first pass method permits analysis of only a limited
number of cardiac cycles and requires careful quality control
and a significant amount of computer processing time. The
analysis of wall motion is not ideal with this method and
multiple projections or studies require multiple injections
of radionuclide and thus increased radiation risk to the pa-
tient. The imaging is performed usually in the anterior or
right anterior oblique projection (Fig. 2). Good correlation
between the right ventricular ejection fraction measured by
the first pass method and contrast angiography has been
reported (30).
Multiple gated equilibrium blood pool technique.
Alternatively, this method can be used to evaluate right
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Figure 2. Measurement of right ventricular ejection fraction by
first pass radionuclide angiography with a multicrystal gamma
camera. A, Serial images during transit of the bolus through the
right heart. The left heart phase is not shown. The study was
obtained in the anterior projection at a framing rate of 50 ms per
frame; each image is composed of 10 frames. The first three images
in the top panel show the bolus in the superior vena cava. The
right ventricle is seen in the remaining images. B, Time-activity
curve from the assigned region of interest. The peaks correspond
to end-diastole and the troughs to end-systole. C, Right ventricular
end-systolic (red) and end-diastolic (white) perimeters. The right
ventricular ejection fraction in this patient was depressed (23%).
ventricular performance. Most of the difficulty in measuring
right ventricular ejection fraction by this method is due to
the overlap of the right and left ventricles, the position of
the right atrium behind the right ventricle and the difficulty
in separating the right ventricle from the pulmonary artery
(Fig. 3). Imaging in the left anterior oblique projection
permits separation of the right from the left ventricle. How-
ever, the contributions of right atrium counts and the pul-
monary artery remain the main obstacle to precise mea-
surement of the right ventricular ejection fraction. This
method, however, is easier to perform and the processing
time is shorter. It permits evaluation of the right ventricle
in multiple projections and thus provides important infor-
mation about its size and wall motion.
The correlation between this method and cineangiog-
raphy in measuring right ventricular ejection fraction and
the reproducibility of the results have not been consistent
(31-37), but most studies (32-37) have found good results.
The differences in these reports may be related to the method
of selection of region of interest and background, the type
of collimation, the degree of caudal tilt, the use of filtering
techniques and cinematic visual systems for region assign-
ment and the use of stroke volume images and phase am-
plitude images to define the position of the tricuspid valve.
Right ventricular end-diastolic and end-systolic volumes
have also been measured by the gated technique with non-
geometric methods similar to those used for measuring left
ventricular volumes (32,35-38). The method depends on
the principle that the counts from the region of interest are
proportional to volume. Although the volumes are not ab-
solute, they are nevertheless useful because changes in right
ventricular size can be monitored during exercise or phar-
macologic interventions. The lower limit of normal right
ventricular ejection fraction in human beings in most studies
is 40 to 45%, and the lower limit of normal left ventricular
ejection fraction is 50 to 55%. Because of the problems
with the scintigraphic techniques (first pass or gated), it is
important that each laboratory establish its own normal range
and the interobserver and intraobserver variability in mea-
suring right ventricular ejection fraction.
Right Ventricular Function in Acute
Myocardial Infarction
Right ventricular infarction. This has recently been
recognized as an important clinical entity (39-41) encom-
passing a spectrum from subclinical involvement of the right
ventricle to a syndrome of elevated right heart pressure,
heart block and cardiogenic shock, usually in the setting of
inferior wall myocardial infarction. Subclinical cases are
more common than those clinically recognized.
Right ventricular infarction may be the reason that pa-
tients with inferior or anterior infarction may have similar
creatine kinase (CK)-MB isoenzyme levels, but patients
with inferior infarction have a higher left ventricular ejection
fraction (42). It seems that release of enzymes from the right
ventricle may contribute to total serum enzyme levels.
Right ventricular infarction has been reported in up to
38% of patients with inferior left ventricular infarction as
determined by dual radionuclide techniques (thallium-201
and technetium-99m pyrophosphate scintigraphy) (25). Rigo
et al. (43) noted a high incidence of right ventricular en-
largement, as shown by radionuclide angiography, in pa-
tients with inferior wall myocardial infarction, an incidence
significantly greater than that in patients with anterior myo-
cardial infarction. Most studies indicate that right ventricular
ejection fraction is significantly lower in patients with in-
ferior than in patients with anterior myocardial infarction
(44-47).
Effect of increased afterload. Serial changes in right
ventricular ejection fraction have been evaluated by several
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Figure 3. In gated blood pool scans in the
left anterior oblique projection images at end-
diastole and end-systole are shown from three
patients with (A) normal left ventricular ejec-
tion fraction (58%) and normal right ven-
tricular ejection fraction (42%), (8) normal
left ventricular ejection fraction (72%) but
abnormal right ventricular ejection fraction
(21%) (this patient had cor pulmonale) and
(C) abnormal left ventricular ejection frac-
tion (10%) and abnormal right ventricular
ejection fraction (8%) (this patient had
congestive heart failure as a result of primary
cardiomyopathy) .
c LV..-
investigators, but the results are not consistent. Thus, Steele
(45) and Zacca and their coworkers (48) found improvement
in 10 of the II patients by the third day after infarction,
whereas others found no such improvement (49-51).
Marmor et al. (52) observed that right ventricular ejection
fraction correlated with left ventricular ejection fraction early
after acute myocardial infarction. They also found depressed
right ventricular ejection fraction in patients with acute an-
terior infarction. Septal damage did not appear to be a pri-
mary cause; those with normal, decreased or increased re-
gional ejection fraction of the septum had a similar degree
of right ventricular dysfunction and subsequent improve-
ment. The comparative severity of anterior infarction in their
study (mean left ventricular ejection fraction 27%) suggests
that right ventricular dysfunction may be due to increased
afterload in patients with acute anterior infarction.
In summary, right ventricular dysfunction in patients with
acute infarction may be due to right ventricular infarction
or increased afterload (because of left ventricular dysfunc-
tion), or both. Patient selection and type and severity of
infarction may determine the degree of right ventricular
dysfunction and subsequent improvement.
Right Ventricular Function in Chronic
Coronary Artery Disease
Coronary blood supply to the right ventricle. The right
coronary artery is the main source of blood supply to the
right ventricular free wall (49). The ventricular septum is
perfused by the left anterior descending artery and the right
coronary vessels. Experimental data indicate that right ven-
tricular coronary blood flow is less than left ventricular flow
and that the right ventricle extracts less oxygen than does
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the left ventricle. The blood flow through the right coronary
artery is biphasic, and the rate of flow is similar in systole
and diastole (50). The right coronary blood flow increases
in a linear fashion with right ventricular pressure overload
but not with volume overload (51). Furthermore, the in-
creased right coronary flow in the presence of right ven-
tricular hypertrophy due to pressure overload occurs mainly
during diastole (53). Experimental data (51) indicate that
identical degrees of pulmonary artery obstruction caused
more severe right ventricular dysfunction in the presence of
right coronary occlusion than in its absence.
Right ventricular pressure overload results in an increase
in coronary blood flow to the right ventricular free wall and
the right side of the ventricular septum. These findings seem
to support the contention that the ventricular septum con-
tributes to right ventricular function and that the septum
should not be considered only as an integral part of the left
ventricle (2,54).
Right ventricular function at rest. Steele et al. (30)
studied patients with angiographically documented coronary
artery disease and stable angina pectoris by radionuclide
angiography at rest. Patients with isolated right coronary
artery disease had normal right ventricular ejection fraction
as did 80% of patients with isolated left anterior descending
artery disease, 83% of patients with two vessel disease and
57% of patients with three vessel disease. The right ven-
tricular ejection fraction was normal in 91 % of patients
without electrocardiographic evidence of myocardial in-
farction, but in only 41 % of patients with infarction. In
patients with multiple infarcts (all of whom had three vessel
disease), 72% had right ventricular dysfunction. The results
suggest that right ventricular dysfunction is rare in coronary
artery disease and ordinarily occurs in patients with three
vessel disease or multiple infarctions. Maddahi et al. (55)
found that the degree of right coronary stenosis did not affect
right ventricular function in patients with diseases of the
other vessels.
Right ventricular function during exercise. Johnson
et al. (56) evaluated right ventricular function in 37 patients
with angiographically documented coronary artery disease.
They found that the right ventricular ejection fraction re-
sponse to exercise was normal (2: 5% increase) when the
right coronary artery was not involved or in patients with
distal right coronary artery disease, whereas the response
was abnormal when the patients had proximal right coronary
artery lesions. The change in right ventricular ejection frac-
tion did not correlate with the change in left ventricular
ejection fraction during exercise. Slutsky et al. (33) showed
that most patients with isolated right coronary artery stenosis
had an abnormal right and a normal left ventricular response
to exercise. In contrast, patients with isolated left anterior
descending artery disease or patients with disease of both
the left anterior descending and left circumflex arteries had
a normal right ventricular response to exercise, but all had
an abnormal left ventricular ejection fraction response to
exercise.
These results are different from those of Berger et al.
(57), who observed that among patients with coronary artery
disease, the right ventricular response to exercise was ab-
normal only in patients who also had an abnormal left ven-
tricular response to exercise. This suggests that the right
ventricular dysfunction is due to increased pulmonary artery
pressure as a result of left ventricular dysfunction. The pres-
ence or absence of right coronary artery stenosis and the
site of the stenosis were not different in those with normal
and abnormal right ventricular responses. The differences
between the results of Berger et al. and the previous results
are not clear but may be due to patient selection, type of
exercise (upright or supine), intensity of exercise, medi-
cations, collateral vessels, severity of coronary disease and
associated diseases.
Effect of Cardiac Drugs on Right
Ventricular Function
Various cardiac medications may influence right ven-
tricular function. Vasodilators have an important role in the
therapy of congestive heart failure. Their beneficial effects
depend on their ability to reduce preload or afterload, or
both (58). These drugs may exert hemodynamic effects that
change left ventricular and right ventricular function.
Captopril. Massie et al. (59) studied the acute effects
of orally administered captopril, an angiotensin-converting
enzyme inhibitor, on right and left ventricular function by
gated equilibrium radionuclide angiography at rest and ex-
ercise. In this group, biventricular function was severely
compromised (mean right ventricular ejection fraction 25%,
mean left ventricular ejection fraction 19%). Both left ven-
tricular volumes and relative right ventricular volumes de-
creased after captopril administration, concomitant with small
increases in left and right ventricular ejection fraction at rest
and during exercise. These effects were noted with simul-
taneous decreases in pulmonary capillary wedge pressure
and arterial blood pressure. The improvement in left ven-
tricular function was probably due to a decrease in afterload
and preload. Whether the change in right ventricular func-
tion resulted from similar mechanisms is not clear.
Prazosin. The right ventricular ejection fraction has been
reported to improve substantially after administration of pra-
zosin, an alpha-adrenergic antagonist (60). Direct reduction
of pulmonary vascular resistance mediated by drug therapy
appeared to be the primary mechanism for the change, al-
though other mechanisms such as a decrease in the left
ventricular filling pressure (resulting in a decrease in pul-
monary artery pressure) and withdrawal of a reflex mech-
anism causing pulmonary arteriolar vasoconstriction may
have also contributed to the improvement in right ventricular
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ejection fraction. No direct effect of prazosin on right ven-
tricular contractility has been noted.
Nitroglycerin and nitroprusside. Improvement in right
ventricular ejection fraction in patients with recent myo-
cardial infarction, both anterior and inferior, has been noted
with nitroprusside (61) and nitroglycerin (62) and these agents
also caused an improvement in left ventricular ejection frac-
tion and regional function at the site of infarction. The
improvement in right ventricular ejection fraction may be
due to a decrease in pulmonary artery pressure secondary
to improvement in left ventricular function, The fact that
patients with high pulmonary capillary wedge pressure be-
fore treatment had greater improvement in right ventricular
ejection fraction than those with lower pressure supports
this concept (61),
Other agents. Other vasodilators, including the calcium
channel antagonists nifedipine and verapamil, have been
shown by hemodynamic measurements to decrease pul-
monary vascular resistance in human beings (63-65). These
agents might be expected to improve right ventricular per-
formance as well. On the other hand, beta-adrenergic block-
ing agents have been shown to decrease right ventricular
ejection fraction without change in right ventricular end-
diastolic volume (66).
Right Ventricular Function in Chronic
Obstructive Pulmonary Disease
Chronic obstructive pulmonary disease may result in al-
terations of right ventricular function ranging from mild
impairment to overt cor pulmonale. Previous studies suggest
that an increase in afterload from hypoxemia (67) or de-
creases in lung volume (68) and changes in left ventricular
function (69) are possible mechanisms for right ventricular
dysfunction.
The right ventricular ejection fraction is depressed in
most patients with decompensated cor pulmonale and in
some patients with chronic obstructive lung disease but with-
out cor pulmonale (29,70,71), More severe compromise of
pulmonary function, as measured by forced expiratory vol-
ume or lower arterial oxygen tension, was associated with
greater depression of right ventricular function,
Response to exercise. As with coronary artery disease,
ventricular performance in patients with chronic obstructive
pulmonary disease may be normal at rest, whereas abnormal
function can be induced during exercise. Matthay et al. (72)
used first pass radionuclide angiography at rest and during
upright exercise in patients with chronic obstructive pul-
monary disease. As in previous studies, all patients with
cor pulmonale and a small percent (15%) of those without
clinically recognized dysfunction had depressed right ven-
tricular ejection fraction at rest. Overall, 77% of patients
had abnormal right ventricular responses to exercise, in-
cluding 73% of those without cor pulmonale. Most patients
(83%) had normal left ventricular responses to exercise.
Significant differences were found between those with nor-
mal and abnormal right ventricular responses to exercise in
the severity of airway obstruction and arterial oxygen sat-
uration; these findings suggest that abnormal ejection frac-
tion responses resulted from an increase in afterload due to
ventilatory impairments (73). This hypothesis is further sup-
ported by the work of Ellis et al. (70), who showed im-
provement in right ventricular ejection fraction at rest after
low flow oxygen therapy but not after ouabain therapy. The
improvement could be attributed to a decrease in afterload
resulting from a decrease in pulmonary arteriolar resistance.
Effect of bronchodilators. The effect of these agents
on right ventricular function may be a result of a different
mechanism. Intravenous or oral administration of amino-
phylline was found to significantly increase right ventricular
ejection fraction at rest (74). Although a small improvement
in pulmonary function tests was noted, no changes in pul-
monary function were found in a group of control patients
who also experienced improved right ventricular function
after aminophylline. Therefore, the improvement in right
ventricular function may result from increased intrinsic car-
diotonic activity or a reduction in pulmonary vascular re-
sistance, or both, Similar improvement in right ventricula~
ejection fraction has been noted with hydralazine treatment,
most likely due to a decrease in pulmonary vascular resis-
tance (75). Nitroglycerin and nitroprusside produced mild
or no improvement in right ventricular function and a de-
crease in cardiac index and arterial oxygen tension. These
effects may be deleterious in patients with chronic obstruc-
tive lung disease (75).
Response to terbutaline and isosorbide dini-
trate. Similar improvement in right ventricular function is
noted after administration of terbutaline, a bronchodilator
with selective alpha2-agonist properties (76,77). A decrease
in pulmonary vascular resistance seen in these patients after
therapy, without changes in arterial oxygen or right ven-
tricular volume, suggested that decreased afterload was the
primary mechanism.
Starling et al. (17) studied 19 patients with severe chronic
obstructive pulmonary disease before and after sublingual
administration of isosorbide dinitrate. Right ventricular end-
diastolic and end-systolic counts decreased, whereas the
right ventricular ejection fraction was unchanged.
In summary, the right ventricular ejection fraction is ab-
normal in virtually all patients with cor pulmonale associated
with chronic obstructive pulmonary disease and in some
patients with less severe symptoms. Exercise can unmask
right ventricular dysfunction in many patients. Increases in
afterload from hypoxemia and severe airway obstruction
appear to be important mechanisms. Left ventricular func-
tion does not appear to have an important role in causing
abnormal right ventricular function in these patients.
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Right Ventricular Function in Other
Pulmonary Disease
Abnormal right ventricular function has also been de-
tected in patients with cystic fibrosis (78,79). The left ven-
tricular function was normal in these patients. Abnormality
of the right ventricular ejection fraction was related to se-
verity of the disease, the presence of arterial hypoxemia and
the degree of ventilatory impairment. In adult patients with
sickle cell anemia, we observed abnormal right ventricular
ejection fraction at rest or during exercise (80). The left
ventricular ejection fraction in these patients was normal
although significantly lower than that in age-matched normal
subjects. Furthermore, most patients with sickle cell anemia
had increased right ventricular uptake of thallium-201 at rest
consistent with pressure overload. The abnormal right ven-
tricular function in these patients is probably a result of
pulmonary vaso-occlusive complications of the disease.
Effect on left ventricular function. Changes in right
ventricular volume and function during exercise may affect
left ventricular volume and function. Exercise in patients
with chronic obstructive lung disease resulted in a decrease
in left ventricular end-diastolic volume (81). This response
was different from that observed in normal subjects or pa-
tients with chronic obstructive lung disease and associated
coronary artery disease who had an increase. Right ven-
tricular enlargement may thus encroach on the left ventricle
via the common septum and result in reciprocal changes in
left ventricular volume.
Right Ventricular Function in Valvular
Heart Disease
Right ventricular function in valvular heart disease is
affected by multiple factors, including the degree of pul-
monary hypertension, the compensatory hypertrophy which
tends to normalize wall stress, intrinsic changes in contrac-
tility and changes in preload and tricuspid regurgitation (pri-
mary or secondary). Many cases of tricuspid regurgitation,
especially of mild or moderate degree, may not be recog-
nized clinically.
Radionuclide angiographic assessment of right ventric-
ular performance may provide clinically relevant data in
patients with valvular heart disease (82). Patients with val-
vular heart disease and pulmonary hypertension (especially
of severe degree) have a depressed right ventricular ejection
fraction (83-85). However, patients with right ventricular
systolic hypertension may have normal ejection fraction (84),
possibly because of milder degree of hypertension, shorter
duration of disease or compensatory mechanisms discussed
earlier. In our experience most patients with rheumatic mi-
tral valve disease have depressed right ventricular ejection
fraction and although the ejection fraction improves after
mitral valve replacement, it is rarely normalized after sur-
gery (86).
Aortic versus mitral regurgitation. Exercise studies in
patients with valvular heart disease have shown that patients
with aortic regurgitation have normal right ventricular ejec-
tion fraction at rest and during exercise, whereas patients
with symptomatic mitral regurgitation have abnormal right
ventricular ejection fraction responses to exercise (37); this
difference probably occurs because pulmonary hypertension
is more frequent and more severe in patients with mitral
valve disease.
Further studies are needed to define the determinants of
right ventricular performance in patients with valvular dis-
ease, and determine the relation between right ventricular
performance and prognosis.
Right Ventricular Function in Congenital
Heart Disease
In various congenital heart defects, the main hemody-
namic burden is imposed on the right ventricle; therefore,
the evaluation of right ventricular function in these patients
has great clinical significance.
Although increasing numbers of patients with complex
congenital heart disease are surviving to adulthood, most
of these abnormalities are still encountered among children.
The diversity of right ventricular shape and size found in
children could result in technical limitations of radionuclide
evaluation of right ventricular function. However, Parrish
et al. (87) obtained good results in measuring right ven-
tricular ejection fraction with radionuclide angiography in
a group of children with congenital heart disease.
Atrial septal defect. This fairly common congenital ab-
normality causes right ventricular volume overload. Hung
et al. (88) evaluated the mechanism of abnormal ventricular
septal motion by equilibrium radionuclide angiography, and
found an increase in right ventricular volume, abnormal
curvatures of the septum in diastole and abnormal motion
in early systole. Furthermore, they were able to demonstrate
the return of septal motion to normal postoperatively con-
comitant with a decrease in right ventricular volume. These
results are similar to those obtained by echocardiography
(89).
In another study abnormal right ventricular wall motion
was noted only in the elderly patients with atrial septal
defects. These abnormalities persisted after corrective sur-
gery and may have contributed to persistence of symptoms
(90). The increase in right ventricular preload in patients
with atrial septal defects may help preserve right ventricular
function despite an increase in afterload (pulmonary hy-
pertension) (85). In fact, in these patients, the right ven-
tricular ejection fraction decreases after closure of the septal
defect (90).
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Exercise studies. Impairment of right ventricular con-
tractility in patients with atrial septal defects from chronic
volume overload can be unmasked during exercise. Ab-
normal right ventricular ejection fraction responses to ex-
ercise have been reported (91). Furthermore, in these pa-
tients the right ventricular end-diastolic and stroke volumes
did not increase with exercise, as in normal subjects. The
left to right shunt ratio did not change, although the shunted
volume increased with exercise.
Abnormal right ventricular function during exercise has
also been reported in patients with ventricular septal defects
(92), in patients after surgical repair of d-transposition (93,94)
and in patients after surgical correction of tetralogy of Fallot
(95). The clinical implications and prognostic value of these
findings remain to be determined.
Radiation Therapy
Depression of right ventricular ejection fraction has been
demonstrated in patients receiving mediastinal radiation for
hematologic malignancy (96). The proximity of the right
ventricle to the chest wall makes this chamber susceptible
to maximal doses of radiation. Myocardial inflammatory
response, capillary thrombosis with resultant ischemia, and
late fibrosis may lead to ventricular dysfunction.
Pericardial Effusion
The effect of aspiration of pericardial fluid on biventric-
ular function and volume was evaluated by means of radio-
nuclide angiography in 10 patients with pericardial effusion
including 5 with cardiac tamponade (97). The right ven-
tricular ejection fraction did not change after withdrawal of
fluid but the end-diastolic and end-systolic volumes in-
creased significantly. Patients with tamponade had the larg-
est volume changes. Similar volume changes were noted in
the left ventricle but to a smaller degree than in the right
ventricle. These findings support the concept that compres-
sion of both ventricles, especially the right, occurs in
tamponade.
Conclusions
Radionuclide techniques have provided clinicians with
greater understanding of the importance of the right ventricle
in cardiac diseases. The lessons learned should provide the
impetus for further work in areas related to pathophysiology,
diagnosis, therapy and, perhaps most important, prognosis.
We are deeply indebted to Wanda Klein for secretarial assistance, and to
Edith Schwager, the editor.
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